Introduction
Sustainable development is based on an effective environment policy that ensures optimal interaction between the economy and the environment. Specifically, the socioeconomic development should be in a permanent process of continuity, provided it does not affect the environment, and it protects the natural resources necessary for human existence. As in literature (Clark, J. (2017) , Panayotou, T. (2016) and Sachs, W. (2015) , in contemporary and well functional economies environmental protection represents not only a major objective as political, societal and academic approach, but also it reunites the efforts in promoting economic resilience. Despite numerous technological changes, massive investments, and the new European environmental paradigm developments, environmental protection continues to be one of the most un-convergent policies and imposes numerous debates.
Staring from the assumption that an effort to promote and acquire a functional and active environmental protection implies both specific and complementary instruments and financial allotments both form the national and companies' budgets, the environmental protection efforts cause significant challenges, which need to be well oriented and evaluated as it is highlighted in (Hardisty, P. Although the European Union has an environment strategy based on synergy, there are differences in the applicability of environmental policy regulations between constituent countries, a situation proven also by the analysis of the three indicators (ELP, EPE and TEI) for 23 EU countries.
According to Eurostat, (2017), the process of analyzing the percentage value fluctuations for both the environmental protection expenditures as % in GDP and for total environmental investments as% in GDP showed that in 2011, compared to 2002, six countries are experiencing a reduction: Luxembourg, Austria, Germany, Hungary, Portugal, and Slovenia. The growth trend of both indicators is registered for Estonia, UK, Sweden, Poland, Latvia, Romania, Croatia, Lithuania, and the Netherlands.
Taking into account the data available at the beginning of the research, the paper was mainly focused on the period 2002-2011 and on 23 out of 28 EU Member States. In the first part of the research we analyzed the evolution of the three indicators both at the EU level and for the 23 states included in the research.
The main objective of this paper is to identify and highlight the quantitative and qualitative aspects of EU Member States' policies on their spending and investment in environmental protection. Three indicators were used for this end: environmental protection expenditure as % in GDP (EPE), shares of environmental and labour taxes in total tax revenues from taxes and social contributions (ELP) and total environmental investments as % in GDP (TEI). On the other hand we try to identify the characteristics of the evolution of the three indicators, and the extent to which quantitative assessments are statistically significant at the level of each country. From this perspective, the main research instrument used in carrying out the analysis on this paper was the Hierarchical Clustering methodology, which is employed to determine economic behavioral models among the EU-28 Member States in terms of environmental protection efforts, and to review the influence of the five (5) considered variables (environmental protection expenditure, greenhouse gas emissions, intensity of energy consumption, environmental investments, primary energy consumption and environmental and labour taxes) on designing the environmental protection behavior at the EU-28 level.
The second part of the research is a cluster analysis through which the groups have been formed and their main characteristics have been statistically determined and tested. In order to highlight the mutations determined by the economic evolutions and policies of the analyzed states for the cluster analysis, we chose years 2002 and 2011 (beginning and end of the analyzed period).
Research methodology
In this study the research methodology employed for achieving the main objectives is based on previous works in the field, improved and adapted to the specific goals followed as in (Gelder, In order to achieve the objective of the first part of the research, the following matrix was developed:
In (1), i = 1 corresponds to the EPE variable, i = 2 corresponds to the ELP variable, and i = 3 corresponds to the TEI variable. Starting from the matrix X, for the p countries and the three indicators, the averages of the analyzed period and the matrix of the coefficients of variation (V) are determined (Rotariu, 2006 
Taking into account the values of the V matrix, we identified -for each one of the three indicators -the countries for which they provide a good characterization of the evolution during the analyzed period ( ), and the countries for which the indicators do not provide acceptable information. 
For a better picture of the evolution of the three indicators in the analyzed countries, the values of linear regression coefficients were determined, using ANOVA. Testing their statistical significance was done with the t (student) test. The condition of accepting the null hypothesis (H0_2: the value of the regression coefficient is not statistically significant) is: 
In the second part of the research two clusters analyses were carried out, the first one corresponding to the year 2002, and the second one corresponding to the year 2011. The analysis started from the matrices: 
On the matrix elements Y2002 and Y2011 the following transformation was applied (Zaharia et al., 2017):
( ) 
Proximity Matrix was obtained using Euclidian distance (Rotariu, 2006; Zaharia et al., 2017) :
and for the distance between clusters, we used the Average Linkage method. For the testing of the significance of the variables belonging to clusters, we used ANOVA, the null hypothesis H0 (cluster belonging of the analyzed variable is not statistically significant) being given by (Zaharia et Significance level used was 95%. To generate the clusters and test the statistical hypothesis, the SPSS package was used. The method was chosen based on the premise that it has a high degree of applicability and it can be used in order to design significant groups in terms of indicator significance and displays.
Results and discussions
At the level of the European Union, between 2002 and 2011, the environmental protection expenditure as % in GDP (EPE), the share of environmental and labour taxes in total tax revenues from taxes and social contributions (ELP), and total environmental investments as % in GDP (TEI) had significantly different evolutions (Figures 1a, 2a, 3a) . The economic and social phenomena, as well as the conditions and policies adopted in the Member States, led to different evolutions of the three indicators, with changes in the variation ranges being more or less compact (Figure 1b, 2b, 3b ). The narrowest of these and relatively convergent is the area of the values of the shares environmental and labour taxes in total tax revenues from taxes and social contributions. By contrast, the evolution of environmental protection as % in GDP and total environmental investments as % in GDP indicates a great diversity, mainly after the economic crisis.
The fact that the trajectories of the average values of the three indicators are in the first third of the evolution areas shows that in a significant proportion of the countries included in the analysis the evolutions of ELE, ELP and TEI were not affected by major disturbances.
At the level of the analyzed countries, the average environmental protection expenditure as % in GDP ranged between 0.13%, in Croatia, and 1.5% in the Netherlands. Value differences between countries can be explained based on the differences in the economic Of the 23 countries included in the analysis, for 95% confidence level, in eight countries (Belgium, Bulgaria, Latvia, Lithuania, Poland, Romania, Slovakia and United Kingdom) there was an increasing trend of environmental protection expenditure as % in GDP. In addition to this, for 90% confidence level, there is France and Malta. Of these, the most significant increase in environmental protection expenditure as % in GDP was recorded in Lithuania, with an annual growth of 0.129 percentage points, followed by Romania, with an annual increase of 0.088 percentage points.
On the other hand, for 95% confidence level, there have been decreasing trends in environmental protection expenditure as % of GDP in five countries (Germany, Luxembourg, Hungary, Austria and Slovenia). Of these, significant annual reductions in the values of this indicator were recorded in Hungary (-0.047 percentage points), Austria (-0.036 percentage points) and Slovenia (-0.032 percentage points). In the other eight countries (Estonia, Spain, Croatia, Italy, Netherlands, Portugal, Finland and Sweden), oscillating developments were recorded around the mean values, the highest value of the standard deviation of 0.1177 being registered in Italy. For these countries the values of the regression coefficients are not statistically significant for either 95% or 90% confidence level, assuming the null hypothesis (H0_2).
In the case of the EPL -the shares of environmental and labour taxes in total tax revenues from taxes and social contributions, the average values were between 4.58 (France) and 10.18 (Croatia). For 90% confidence level, the EPL registered an upward trend only in the Netherlands (with an annual growth of 0.023 percentage points) and Poland (with an annual increase of 0.026 percentage points). For 95% confidence level, the EPL recorded a decreasing trend in Italy, Malta, Hungary, Slovakia, Finland, and Sweden. Please note that for the other 15 countries, oscillating developments were recorded around the mean value, which means that the regression coefficient values are not statistically significant for either 95% or 90% confidence level, assuming the null hypothesis (H0_2).
For the third TEI indicator -total environmental investments at the level of the analyzed countries, the average values as % in GDP ranged between 0.03% in Sweden and 0.46% in Slovenia. In the analyzed period, 14 countries (Bulgaria, Estonia, Croatia, Italy, Latvia, Luxembourg, Malta, Netherlands, Austria, Poland, Romania, Finland, Sweden, and UK) had a growing trend for 95% confidence level. For the other 9 countries there were oscillating developments recorded around the mean values, with the highest value of standard deviation (0.3014) being registered in Lithuania. For these states, the values of the regression coefficients are not statistically significant for either 95% or 90% confidence level, assuming the null hypothesis (H0_2).
Given the evolution of the values of the three analyzed indicators (EPE, ELP and TEI), the 23 countries were grouped using the hierarchical cluster method while performing a comparative analysis of these groups in the years 2002 and 2011 to highlight the quantitative and qualitative differences for each cluster.
Choice regarding the number of clusters is based on the significant reduction of the Total Sum of Squared Error (Peeples, Matthew A., 2011) on the one hand, and on a better readability of the results, on the other hand. Under these circumstances, seven clusters resulted. The Fisher test (Table 1) highlights the fact that all three variables included in the analysis are significant in terms of cluster membership. For the first year of the analyzed period, the grouping by clusters of the 23 analyzed countries, as well as their ranking according to GDP per capita, is shown in Figure 4 . Depending on the average values of the EPE, ELP, TEI variables recorded at cluster level the spatial distribution of clusters centers is shown in Figure 5 . The most countries are concentrated in Cluster 1 (Belgium, France, Italy, Luxembourg, Austria, Finland, UK) and in Cluster three (Germany, Spain, Latvia, Romania, Slovakia, Sweden). In addition, four clusters include only two countries: C2 with Bulgaria and Poland, C4 with Croatia and Lithuania, C5 with Hungary, Slovenia, and C6 with Malta and Portugal. As far as the Netherlands is concerned, by the values of the average indicators analyzed, it is situated in a cluster by itself (C7). The territorial representation of the results is shown in Figure 6 . At the 2011 level, the spatial distribution of clusters centres is shown in Figure 8 . The most significant cluster remains the first -C1 -with a concentration of 11 countries: Belgium, Germany, Spain, France, Luxembourg, Hungary, Sweden, Finland, Austria, Portugal, and Slovakia. All the other six clusters consist of two countries: C2 with Bulgaria and Latvia, C3 with Estonia and Croatia, C4 with Italy and UK, C5 includes Lithuania and Romania, C6 with Malta and Netherlands and C7 with Poland and Slovenia. Figure 9 shows clearly the territorial distribution of these clusters, according to the values of environmental protection expenditures as % in GDP (EPE), of the share of environmental and labour taxes in total tax revenues from taxes and social contributions (EPL), and of total environmental investments as % in GDP Each cluster indicates a specific political behavior with major influences on spending and investment in environmental protection. Thus, a profile of the countries in the seven clusters can be achieved, according to the environmental policy undertaken by governments in relation to the three indicators analyzed: EPE, ELP, and TEI.
As in Figure 5 The indicator shares of environmental and labour taxes in total tax revenues from taxes and social contributions corresponding to clusters over the two analyzed years highlights the changes in terms of structure and value. Significant decreases are recorded for C4 (-2.96%) and C5 (-1.42%) and less significant for C6 (-0.74%), C7 (-0.57%) and C1 (-0.46%). Increases are recorded at C3 (+ 2.31%) and C2 (+ 1.91%).
The evolution of the average percentages of the shares of environmental and labour taxes in total tax revenues from taxes and social contributions by clusters, according to figure 10, is the result of changes in the percentage values of the variable, by countries. Thus, significant for the analysis are the changes recorded by the countries that remain in the same cluster. The justification takes into account the fact that the cluster represents a level of hierarchy which allows for a clearer comparison of the analyzed variable in 2011 compared to 2002. Belgium, France, Luxembourg, Austria, Finland (countries belonging to the EU-15 subgroup) are in C1 both in 2002 and 2011, indicating relatively close concerns and results in terms of the applied policy on the share of environmental and labour taxes in total tax revenues from taxes and social contributions. Of the five countries, Finland is the only country where we see a 4.51% increase in shares of environmental and labour taxes in total tax revenues from taxes and social contributions. For other countries, there are decreases: in Luxembourg ELT decreased by 9.92%, France by 8.62%, Austria by 4.21% and Belgium by only 2.46%. Bulgaria, part of C2 for both years of analysis, has a 28.99% growth rate in shares of environmental and labour taxes in total tax revenues from taxes and social contributions in 2011 compared to 2002, thus landing the second place after Estonia (part of C3) with the highest growth rate (35.58%).
Maintained on the same level of clustering for both years of analysis, Malta, part of C6, is facing a fairly significant reduction process in the shares of environmental and labour taxes in total tax revenues from taxes and social contributions, namely 14. The evolution of the indicator environmental protection expenditure as % in GDP, as in the case of the indicator shares of environmental and labour taxes in total tax revenues from taxes and social contributions for other three countries in C1_2011 (Germany, Hungary, Portugal), is still decreasing. Decreases are by 21.43 % in GDP for Germany, 45.07 % in GDP in Hungary, and only 7.69% in GDP in Portugal.
Poland, a C2 component in 2002, recorded, just like the shares of environmental and labour taxes in total tax revenues from taxes and social contributions, a growth rate of the environmental protection expenditure as % in GDP but by 43.24%.
The most significant growth rates of environmental protection expenditure as % in GDP are determined for Romania (375.00% in GDP), part of C3_2002 and C5_2011, then for Latvia (277.78 % in GDP) belonging to C2 cluster, by 166.67 % In GDP for Croatia, part of C4_2002 and C3_2011.
If for shares of environmental and labour taxes in total tax revenues from taxes and social contributions, the highest decrease was recorded for Lithuania, in the case of environmental protection expenditure as % in GDP, for this country was calculated the highest GDP growth (840.00 %). , Year 66, No. 2, 2019, (pp. 389-410) , Belgrade changes registered by the 23 EU member states in 2011 compared to 2002 by relatively oscillating ratios from country to country, and implicitly from one cluster to another.
In this context, the environmental protection analysis continued with the indicator: total environmental investments as % of GDP (TEI). This is another indicator with a significant impact on environmental protection, recording, as the environmental protection expenditure as % in GDP, low percentage values for all 23 countries included in the analysis.
Compared with the above-mentioned indicator (environmental protection expenditure as % in GDP), the average percentage values determined by clusters are significantly higher (Figure 12) . Thus, the calculated percentage averages are situated in 2002 between a minimum for C4 by 0.05% in GDP and a maximum for C5 of 0.55% in GDP. In 2011, the average values of the total environmental investments as % in GDP range from 0.08% in GDP for C1 to 0.51% in 2011 in GDP for C5. , Year 66, No. 2, 2019, (pp. 389-410) The trend of keeping constant the percentage of total environmental investments as % in GDP is noticed; just as the environmental protection expenditure as % in GDP for Italy, but the percentage is lower, being placed at 0.18% in GDP.
In the UK, the growth in 2011 compared to 2002 of the percentage of total environmental investments as % in GDP is very high (300%) compared to the one of the previously analyzed indicator (EPE). In C2_2002 Poland is included besides Bulgaria, a country for which the total environmental investments as % increased by 22.58 % in GDP. At the same time, in the same cluster, but for the next year of analysis (C2_2011), Latvia appears together with Bulgaria, Latvia, also with an increase of total environmental investments as % in GDP (as for the other indicators), of only 33.33% in GDP.
As with environmental protection expenditure as % in GDP, Romania, part of C3_2002 and C5_2011, recorded a growth process. However, this upward trend at the level of total environmental investments as % in GDP is excessive, with 1400% in GDP being mentioned (the first in the ranking of the 23 countries included in the analysis). A significant increase for total environmental investments as % in GDP is reported in 2011 as compared to 2002, and for Croatia, with a percentage of 550% in GDP.
Given that even in the case of environmental protection expenditure as % in GDP, , Year 66, No. 2, 2019, (pp. 389-410 
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Lithuania is experiencing the highest growth. Even for total environmental investments as% in GDP, it can be mentioned that a similar situation appears for total environmental investments as % in GDP. Significantly higher growth (833.33%) of total environmental investments as % of GDP places this country on the second place as a growth pace among all 23 countries surveyed. The analysis of the evolution of the indicator total environmental investments as % in GDP by country and cluster was mainly highlighted by the growth or decrease rates calculated for each country. This reflected as well the country-specific changes within the same cluster or from one cluster to another, in 2011 compared to 2002.
In 2002 -2011, all the value oscillations recorded by the three indicators (the environmental protection expenditure as % in GDP, the shares of environmental and labour taxes in total tax revenues from taxes and social contributions and total environmental investments as % in GDP), have resulted in significantly different changes in each country and, implicitly, from one cluster to another. These are the result of environmental policies that have been outlined and applied since the world economic crisis in 2008, in country, but also through the cohesion manifested within the European Union.
Conclusions
The analysis carried out in this paper aimed at creating an overall picture of the environmental protection efforts following the environmental policies established and adopted after the 2008 economic crisis. This aspect was highlighted as a result of the data collection from 2002 and 2011, for 23 EU countries, in terms of environmental protection expenditure as % of GDP (EPE), shares of environmental and labour taxes in total tax revenues from taxes and social contributions (ELT) and total environmental investments as % in GDP (TEI). The methodology for the use of the cluster method targeted the ranking of countries, aiming to highlight the levels at which they are situated in order to assess the convergence of environmental protection. In C1, as a whole, there were reductions in the average percentages by 0.2098 percentage points in environmental protection expenditure as % in GDP, 0.4659 percentage points in shares of environmental and labour taxes in total tax revenues from taxes and social contributions, and 0.0409 percentage points in total environmental investments as% in GDP.
In the case of cluster C3, the situation is reversed in the sense that, although the number of component countries decreased in 2011 (7 countries: Germany, Estonia, Spain, Latvia, Romania, Slovakia, Sweden) compared to 2002 (2 countries: Estonia, Croatia) the environment protection funds increased, percentage average values being higher by 0.0507 percentage points for environmental protection expenditures as % in GDP, 2.3107 percentage points for the shares of environmental and labour taxes in total tax revenues from taxes and social contributions, 0.1586 percentage points for total environmental investments as% in GDP.
The main feature of Clusters 2 and 6 is keeping a component country at the same level: Bulgaria for C2 and Malta for C6. Thus, in 2011, the funds for environmental expenditures in Bulgaria and Latvia compared to 2002 for Bulgaria and Poland experienced oscillations so that the average percentage value for environmental protection expenditure as % in GDP increased by 2.28 percentage points, for shares of environmental and labour taxes in total tax revenues from taxes and social contributions increased by 1.91, and for the total environmental investments as % in GDP it decreased by 0.095 percentage points. A similar situation was also observed for C6 in the sense that for Malta and the Netherlands the components C6_2011 compared to Malta, Portugal in C6_2002, two increases and a decrease in the average value were noticed: by 0.63 percentage points in environmental protection expenditure as % in GDP, by 0.025 percentage points in total environmental investments as % in GDP, and 0.745 percentage points in shares of environmental and labour taxes in total tax revenues from taxes and social contributions. , Year 66, No. 2, 2019, (pp. 389-410) , Belgrade increases in the average percentage values: by 0.795 percentage points in environmental protection expenditure as% in GDP, 0.1 percentage points in total environmental investments as % in GDP, and with a decrease of 2,955 points in shares of environmental and labour taxes in total tax revenues from taxes and social contributions.
For cluster 5, with Hungary and Slovenia in 2002, and Lithuania and Romania in 2011, the distribution of the amounts allocated for environmental protection on the three categories analyzed is slightly different from the previous ones: with an increase in the average value of 0.63 percentage points in the environmental protection expenditure as % in GDP and with two decreases -by 1.42 percentage points in the shares of environmental and labour taxes in total tax revenues from taxes and social contributions, and by 0.045 percentage points in total environmental investments as % in GDP.
In C7_2011 (Poland, Slovenia) compared to C7_2011 (Netherlands), the average percentage values for each cluster recorded decreases for environmental protection expenditure as % in GDP and share of environmental and labour taxes in total tax revenues from taxes and social contributions of 0.835 percentage points; and With 0.57 percentage points, respectively growth for total environmental investments as% in GDP by 0.125 percentage points.
At the level of all countries, the highest percentage for environmental protection, compared to the other two indicators, is for shares of environmental and labour taxes in total tax revenues from taxes and social contributions. Estonia is the country with the highest growth (35.58% in 2011 compared to 2002), while Lithuania faces major problems given the decrease by 35.95% in the shares of environmental and labour taxes in total tax revenues from taxes and social contributions. This gap can also be explained by the fact that in most of the countries of the EU-15 sub-group the implementation of environmental policies has been achieved much earlier, and in some Central and Eastern European countries the harmonization of domestic policies with the EU strategy has been superficial.
Limitations and Future Research Directions
The non-inclusion in the study of the other 5 countries of the European Union (Cyprus, Denmark, Greece, Ireland, and Switzerland) was due to the lack of data regarding the variables studied at their level, and this omission is a limitation for this research. Future research will look at the analysis of constraints environmental policy faces in emerging economies in Central and Eastern Europe.
